Selectivity in the initial C-H bond cleavage of n-butane on PdO(101).
We used temperature programmed reaction spectroscopy (TPRS) and molecular beam reflectivity measurements to investigate the initial dissociation of n-butane isotopologues on PdO(101) and determine kinetic parameters governing the selectivity of initial C-H(D) bond cleavage. We observe differences in the reactivity of the n-butane isotopologues on PdO(101) due to kinetic isotope effects, and find that the initial dissociation probability decreases with increasing surface temperature for each isotopologue. We performed an analysis of the dissociation kinetics using a model that is based on a precursor-mediated mechanism for n-butane dissociation and enables quantification of kinetic parameters for selective C-H bond cleavage by considering differences in the reactivity among the n-butane isotopologues. From the analysis, we estimate that 49% of the n-butane molecules which react during TPRS do so through 1° C-H bond cleavage when the initial coverage of n-butane lies between ∼40% and 100% of the saturation coverage of the molecular precursor state. For dissociation in the limit of zero coverage, we estimate that the conditional probability for 1° C-H bond cleavage is equal to ∼87% and varies only weakly with surface temperature from 300 K to 400 K. Analysis of the temperature dependent rate data further predicts that the barrier for 1° C-H bond cleavage is 3.5 kJ mol(-1) lower than that for 2° C-H bond cleavage for n-butane dissociation on PdO(101) in the limit of zero coverage. Our results provide evidence that the selectivity for 1° C-H bond cleavage on PdO(101) increases as the n-butane coverage decreases below ∼40% of the saturation value. We speculate that intermolecular interactions among the n-butane species are responsible for the apparent coverage dependence of the C-H bond selectivity for n-butane dissociation on PdO(101).